Abstract Caralluma adscendens (Roxb.) Haw var. fimbriata (wall.) Grav. & Mayur. is a traditional food consumed as vegetable or pickle in arid regions of India and eaten during famines. In Indian traditional medicine, the plant is used to treat diabetes, inflammation and etc. The aim of this study was to evaluate the antioxidant properties (DPPH, TEAC, TAA, FRAP, OH˙and NO˙radical scavenging activities) of the different extracts from aerial parts. The levels of total phenolics and flavonoids of the extracts were also determined. The extracts were found to have different levels of antioxidant properties in the test models used. Methanol and water extracts had good total phenolic and flavonoid contents showed potent antioxidant and free radical scavenging activities. The antioxidant activity was correlated well with the amount of total phenolics present in the extracts. The extracts and its components may be used as an additive in food preparations and nutraceuticals.
Introduction
Reactive oxygen species are highly reactive molecules formed during aerobic life in living organisms include free radicals such as superoxide anion radical (O 2˙− ), DPPH, hydroxyl radical (HO˙) and non free radical such as singlet oxygen ( 1 O 2 ) or hydrogen peroxide (H 2 O 2 ) (Ahn et al. 2007) . Generally, the production of appropriate Reactive oxygen species (ROS) that is controlled by the antioxidant system in living organism may be essential for many cellular functions such as killing phagocytes, bacterial ingestion and redox regulation of signal transduction. However, the overproduction of ROS in living organism can lead to attract DNA, cell membrane, proteins and other cellular components and consequently induce degeneration, destruction and toxicity of various molecules that play an important role in metabolism of life. Also, ROS are known as the molecules that cause qualitative decay of food (Heo et al. 2005) . Therefore, antioxidants with radical scavenging activities could have great relevance as prophylactic and therapeutic agents in diseases in which oxidants or free radicals are implicated (Valento et al. 2002) . Dietary antioxidants can stimulate cellular defenses and help to prevent cellular components against oxidative damage. In addition some synthetic antioxidants like butylhydroxyanisole (BHA) and butylhydroxytoluene (BHT) were needed to be replaced with natural antioxidants because of their potential health risks and toxicity (Dudonne et al. 2009 ). Fruits and vegetables contain significant levels of natural antioxidant phytonutrients with physiological and biochemical functions which benefit human health. For this reason, fruit and vegetables represent a major source of dietary antioxidants (Tavarini et al. 2008) .
Caralluma is a genus of the family, Asclepiadaceae of about hundred species was distributed in Africa, Spain, Saudi Arabia, Middle East, Pakistan and India. Caralluma species have been used for centuries in semi-arid areas of Pakistan as emergency foods (Atal et al. 1980) . Caralluma adscendens (Roxb.) Haw var. fimbriata (Wall.) Grav. & Mayur. is a succulent perennial herb, growing wild in the states of Andhra Pradesh, Karnataka and Tamil Nadu of India (Kunert et al. 2008) . C. adscendens is commonly or locally known as "Makadshenguli/Shengulmakad". In Indian traditional medicine, the plant is used to treat diabetes, pain, fever, inflammation and has also been used as an appetite suppressant. C. adscendens is a traditional food consumed in the form of pickle and vegetable and also eaten during famines (The Wealth of India 1992). Antioxidant activity, hypolipidemic and hypoglycemic effect of various extracts (Tatiya et al. 2010; Mali et al. 2009 ) of C. adscendens whole plant has been investigated in alloxan induced diabetic rats. The phytochemical screening of C. adscendens revealed the presence of pregnane glycosides (caratubersides A and B and various boucerocides), flavonoids, saponins and triterpenoids (Tatiya et al. 2010) . Pregnane and flavone glycosides were isolated from the whole plant of C. adscendens var. fimbriata (Kunert et al. 2008) .
C. adscendens is traditionally consumed in the form of pickle and vegetable. So our interest was to analyse the proximate and amino acid composition. This is the first study exploring nutritional composition. In the present study, the less explored C. adscendens var. fimbriata was analyzed for in vitro antioxidant activity through several biochemical assays: 2, 2-diphenyl-1-picrylhydrazyl (DPPH˙) radical scavenging assay, trolox equivalent antioxidant capacity (TEAC) assay, ferric reducing antioxidant power (FRAP) assay, total antioxidant activity (TAA) by phosphomolybdenum assay, hydroxyl radical scavenging and nitric oxide radical scavenging activities.
Materials and methods
Chemicals Potassium ferricyanide, ferric chloride, 2,2-diphenyl-1-picryl-hydrazyl (DPPH), butylated hydroxyanisole (BHA), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), potassium persulfate, 2,2′-azinobis (3-ethylbenzothiozoline-6-sulfonic acid) diammonium salt (ABTS˙+), 2,4,6-tripyridyl-S-triazine (TPTZ), ferrous ammonium sulphate, ethylenediamine tetraacetic acid (EDTA) disodium salt, trichloroacetic acid (TCA), folin ciocalteu's reagent, aluminium chloride, ascorbic acid, ammonium acetate, glacial acetic acid, acetyl acetone, sodium nitroprusside, sulfanilic acid, naphthyl ethylene diamine dihydrochloride, sodium phosphate and ammonium molybdate were obtained from Himedia, Merck (Damstadt, Germany) or SigmaAldrich (St. Louis, MO, USA). All other reagents used were of analytical grade.
Plant material and extract preparation The aerial parts of C. adscendens var. fimbriata were collected from Coimbatore district (Mettupalayam) of Tamil Nadu, India during the month of October-2008. The plant was identified and authenticated by Dr. R. Gopalan, Taxonomist, Karpagam University, Coimbatore and Dr. V.S. Raju, taxonomist, Kakatiya University, Andhra Pradesh. The freshly collected plant materials were washed thoroughly in tap water, shade dried at room temperature and powdered. Extracts were prepared using solvents of increasing polarity. A portion (50 g) of powdered plant material was extracted with 250 ml (1:5 v/v) of chloroform followed by ethyl acetate, methanol and water in a Soxhlet apparatus (12 h for each solvent). Consequently, the solvent extracts were evaporated to dryness at 40°C in a rotary evaporator (Buchi type, Flawil, Switzerland) and the water extract was cooled and lyophilised (Alpha 1-2 LD model, CHRIST, German). The yield of each extract constituents were calculated and stored in the dark at 4°C prior to use. The extracts obtained were used for the assessment of antioxidant properties using various chemical assays.
Proximate composition Chemical analysis to determine proximate composition of sample was carried out using standard procedures. The Kjeldahl method was used for total nitrogen determination using a Kjeltec System. Protein was calculated from total nitrogen using a factor of 6.25. The Soxhlet method (AOAC 1990) was used for total fat determination. Total fat was obtained from 6 h hexane extraction. Crude fibre was obtained after samples digestion with boiling diluted acid and alkali (AOAC 1990) . Moisture was determined from sample weight loss after oven drying at 110°C for 4 h (AOAC 1990) . Ash content was calculated after heating the sample at 550°C for 2 h. Carbohydrates was determined by difference. All samples were analyzed in triplicate.
Amino acid composition analysis The powdered sample of C. adscendens var. fimbriata was hydrolyzed with 6N HCI at 110°C for 24 h. Amino acid analysis was performed on reverse phase-high pressure liquid chromatography (HPLC) (Shimadzu LC-10 AD, Shimadzu Corporation, Kyoto, Japan). Samples were analyzed on Shimpack amino-Na type column (10 cm×6.0 mm) obtained from Shimadzu Corporation. The post column samples were derivatized with ophthaldialdehyde (OPA) (Ishida et al. 1981 ) and data were integrated using an integrator model C-R7A (Shimadzu chromatopac data processor). The amount of each amino acid present in the sample was calculated in mg/100 g dry weight.
Determination of total phenol content The content of total phenolics was determined by using Folin-Ciocalteu method Singleton et al. (1999) . An aliquot of the sample extract (0.1 ml) was mixed with distilled water (3 ml). To this 0.5 ml of Folin-ciocalteu reagent was added. After 3 min 2 ml of 20 % sodium carbonate was added and mixed thoroughly. The tubes were incubated in a water bath (100°C) for exactly 1 min. It was then cooled and the absorbance was measured at 650 nm using spectrophotometer (Shimadzu, UV 2450) against the reagent blank. The results were expressed as milligram gallic acid equivalent per gram sample dry weight.
Determination of total flavonoid content The content of total flavonoid in the extract was determined based on the method described by Ordon Ez et al. (2006) . A volume of 0.5 ml of 2 % AlCl 3 ethanol solution was added to 0.5 ml of sample solution. After 1 h at room temperature, the absorbance was measured at 420 nm with UV-Visible spectrophotometer (Shimadzu, UV 2450). A yellow color indicated the presence of flavonoids. Extract samples were evaluated at a final concentration of 0.1 mg/ml. Total flavonoid content were calculated as milligram quercetin equivalent per gram sample dry weight.
2, 2-Diphenyl-1-picrylhydrazyl (DPPH˙) radical scavenging assay The DPPH radical scavenging assay was determined according to the method designed by Leong and Shui (2002) . Briefly, 2 ml of 0.15 mM DPPH (in methanol) was added to the different concentrations of the extract (amounting to 1 ml). The reaction mixture was incubated for 30 min after which its absorbance was measured at 517 nm, where methanol was used as both a blank and negative control. The results were expressed as ascorbic acid equivalent antioxidant capacity (AEAC) and defined as mg ascorbic acid equivalents (AA)/100 g of fresh weight.
Trolox equivalent antioxidant capacity (TEAC) assay This method was based on the reduction of the ABTS radical cations (ABTS˙+) by antioxidants present in extracts according to the procedure prescribed by Re et al. (1999) . ABTS˙+ radical cation was produced by reacting 7 mM aqueous ABTS with 2.45 mM potassium persulfate and kept in the dark at room temperature for 16 h. The blue green solution was diluted with ethanol to an absorbance of 0.70 ±0.02 at 734 nm. The stock solution of sample extracts was diluted. After the addition of 1 ml of diluted ABTS˙+ solution to 10 μl of sample extracts or trolox standards in ethanol, it was incubated at 30°C exactly for 30 min. Appropriate solvent blanks were also run in each assay. Results were expressed as trolox equivalent antioxidant capacity (TEAC). The unit of antioxidant activity was defined as the concentration of trolox having the equivalent antioxidant activity expressed as mM Trolox equivalent per gram sample dry weight.
Hydroxyl radical scavenging activity (HRSA) The scavenging activity of hydroxyl radical (OH˙) was measured according to the method of Klein et al. (1991) . Various concentrations of extracts and standards (25-150 μg/ml) were added to 1 ml of iron-EDTA solution (0.13 % ferrous ammonium sulphate and 0.26 % EDTA), 0.5 ml of EDTA solution (0.018 %), and 1 ml of DMSO (0.85 %v/v in 0.1 M phosphate buffer, pH 7.4). The reaction was initiated by adding 0.5 ml of ascorbic acid (0.22 %) and incubated at 80-90°C for 15 min in a water bath. After incubation the reaction was terminated by the addition of 1 ml of ice-cold TCA (17.5 %w/v). Three ml of Nash reagent (75 g of ammonium acetate, 3 ml of glacial acetic acid, and 2 ml of acetyl acetone were mixed and raised to 1 L with distilled water) was added and left at room temperature for 15 min. The reaction mixture without sample was used as control. The intensity of the colour formed was measured at 412 nm using a spectrophotometer. The % hydroxyl radical scavenging activity was calculated by the following formula:
Ferric reducing antioxidant power (FRAP) assay The ability to reduce ferric ions was measured using a modified version of the method described by Benzie and Strain (1996) . An aliquot (500 μl) of an extract (with appropriate dilution, if necessary) was added to 3 ml of FRAP reagent (10 parts of 300 mM sodium acetate buffer at pH 3.6, 1 part of 10 mM TPTZ solution and 1 part of 20 mM FeCl 3 . 6H 2 O solution) and the reaction mixture was incubated in a water bath at 37°C. The increase in absorbance at 593 nm was measured at 30 min. The antioxidant capacity based on the ability to reduce ferric ions of the extract was expressed as μmol Trolox equivalents per gram of plant material on dry weight basis.
Nitric oxide radical (NO˙) scavenging activity Sodium nitroprusside in aqueous solution at physiological p H , spontaneously generates NO, which interacts with oxygen to produce nitrite ions, which can be estimated by the use of Griess Illosvoy reaction (Garrat 1964) . The reaction mixture (3 ml) contains sodium nitroprusside (10 mM, 2 ml), phosphate buffer saline (0.5 ml) and extract or standard solution (25-150 μg/ml) was incubated at 25°C for 150 min. After incubation, 0.5 ml of the reaction mixture containing nitrite was pipetted and mixed with 1 ml of sulfanilic acid reagent (0.33 % in 20 % glacial acetic acid) and allowed to stand for 5 min for completing diazotization. Then, 1 ml of naphthyl ethylene diamine dihydrochloride was added, mixed and allowed to stand for 30 min at 25°C. A pink coloured chromophore is formed in diffused light. The absorbance of these solutions was measured at 540 nm against the corresponding blank solutions.
Percentage inhibition of nitric oxide scavenging activity
Where, A control is the absorbance of the control and A sample is the absorbance of the test.
Total antioxidant activity (TAA) by phosphomolybdenum method The total antioxidant activity of the extracts was evaluated by the phosphomolybdenum method (Prieto et al. (1999) . Briefly, 0.5 ml of each sample solution or ascorbic acid (200-1000 mM) was combined with 3 ml of reagent (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). A typical blank solution contained 3 ml of reagent solution and the appropriate volume of the same solvent used for the sample. All tubes were capped and incubated in a boiling water bath at 95°C for 90 min. After the samples has been cooled to room temperature, the absorbance of the solution of each sample was measured at 695 nm against the blank using a UV-Vis spectrophotometer (Shimadzu, UV 2450). Total antioxidant activity (TAA) based on the ability to reduce Mo (VI) to Mo (V) by the extracts were expressed as μmol ascorbic acid (AA) equivalents per gram of plant material on dry weight basis.
Statistical analysis The data obtained from antioxidant assays were presented as means of three replicate determinations ± standard deviation (SD). Statistical analysis of data involved one-way analysis of variance (ANOVA). Differences were considered statistically significant when P<0.05. The INSTAT software program was used in the statistical analysis (INSTAT™, version 3, Graphpad software, San Diego, USA).
Results and discussion
Proximate analysis The proximate analysis of C. adscendens var. fimbriata aerial parts is presented in Table 1 . From the results, it can be inferred that the protein and available carbohydrate contents were 3.5 % and 55.4 %, respectively. The aerial parts contained 82 % moisture, 5.6 % lipid and 27.5 % total free amino acids. However, the results also showed that the crude fiber and ash content of the aerial parts was high (15.3 % and 2.1 %, respectively). The crude lipid content of the stems of Caralluma adscendens var. attenuata and C. pauciflora are comparable with our results. The presence of fiber in the diet is necessary for digestion and for elimination of wastes. The contraction of muscular walls of the digestive tract is stimulated by fiber, thus counteracting constipation (Narasinga Rao et al. 1989 ). The World Health Organization (WHO) has recommended an intake of 22-23 kg of fiber for every 1000 K.cal. diet. The crude fibre content in the presently investigated C. adscendens var. fimbriata is found to be more than that of Caralluma adscendens var. attenuata and C. pauciflora.
Amino acid composition of C. adscendens var. fimbriata aerial parts The data on amino acid composition of C. adscendens var. fimbriata aerial parts are presented in Table 1 . The highest amounts of the essential amino acids were of isoleucine (1578.24 mg/100 g sample dry weight), valine (342.95 mg/100 g sample dry weight) and lysine (316.56 mg/ 100 g sample dry weight). However, the aerial parts contained lower concentrations of essential amino acids, viz. methionine and leucine (22.56 and 22.77 mg/100 g sample dry weight, respectively). Off all non essential amino acids, the highest amount was of proline (483.8 mg/100 g sample dry weight) and tryptophane (157.36 mg/100 g sample dry weight). The negligible amount was observed in threonine, glutamic acid and serine. Olaofe and Akintayo (2000) and Hassan and Umar (2006) reported comparatively similar results for legumes and leaves of other vegetables, respectively.
Extract yield Single solvent could not extract all the antioxidants with different polarities and solubilities from the plant materials. In this aspect, we used different polarity of solvents for extraction of antioxidant compounds from C. adscendens var. fimbriata aerial parts ( Table 2 ). The yield percentage of different extracts ranged from 3.6 to 11.5 % (w/w) and was 3.6±1.20, 5.9±0.78, 11.5±1.26 and 8.4±1.13 % for chloroform, ethyl acetate, methanol and water extracts, respectively. Extractions with methanol and water resulted in the highest amount of extractable compounds. As the results presented in Table 3 , the extraction ability of water and ethanol were very similar to one another, whereas the extraction yield with ethyl acetate was only small in comparison with that of the other solvents. This indicated that most of the soluble compounds in the vegetables were high in polarity.
Total phenol and flavonoid contents of the extracts The phenolic compounds are powerful antioxidants and act in a structure-dependent manner; they can scavenge reactive oxygen species (ROS), and chelate transition metals which play vital roles in the initiation of deleterious free radical reactions. Obviously, total phenolic contents could be regarded as an important indication of antioxidant properties of plant extracts (Wang et al. 2010) . Table 2 illustrates the total phenolic content in different solvent extracts of C. adscendens var. fimbriata aerial parts. It can be seen, the phenolic content of methanol extract (21.0±0.59 mg GAE/g sample dry weight) is significantly higher than that of water extract (18.8±0.98 mg GAE/g sample dry weight), which in turn significantly higher than that of ethyl acetate extract (14.9±0.40 mg GAE/g sample dry weight) and chloroform extract (8.7±0.63 mg GAE/g sample dry weight). Marwah et al. (2007) observed the total phenol content of C. flava (23.6±0.5 mg GAE/g of ethanol extract) and C. quadrangula (18.7±0.4 mg GAE/g of ethanol extract) aqueous ethanol extract. These values are similar and comparable with that of C. adscendens var. fimbriata extracts. Flavonoids are one of the most diverse and widespread group of natural compounds are probably the most important natural phenolics. The flavonoids containing multiple hydroxyl groups have higher antioxidant activities against peroxyl radicals than do phenolic acids and possess antioxidant capacity towards a variety of easily oxidizable compounds. The antioxidant activities of flavonoids increased with the number of hydroxyl groups substituted on the Bring (Pyo et al. 2004 ). The flavonoid contents of water and methanol extracts (3.1±0.54 and 3.7±1.16 mg QE/g sample dry weight, respectively) were relatively higher compared to the levels of ethyl acetate (1.3±0.75 mg QE/g sample dry weight) and chloroform (1.1±0.92 mg QE/g sample dry weight) extracts (Table 2 ). The lowest amount of total phenol and flavonoid contents were shown by the chloroform extract. These results showed that, polyphenol content was strongly dependent on the solvents. Polar extracts had more phenolics in them than non-polar extracts (Hayouni et al. 2007 ). Our results clearly showed that a higher content of polyphenols was obtained with an increase in the polarity of the solvent used.
2, 2-Diphenyl-1-picrylhydrazyl (DPPH˙) radical scavenging assay The model of scavenging DPPH˙radical is especially used to evaluate chain-breaking activity in the propagation phase of lipid (and protein) oxidation. The effect of antioxidants on DPPH˙radical scavenging was thought to be due to their hydrogen donating ability (Mao et al. 2006) . In the present study, the scavenging activity of C. adscendens var. fimbriata extracts against DPPH˙radi-cals was expressed in terms of AEAC. The AEAC values of the chloroform, ethyl acetate, methanol and water extracts were found to be 5093.3±0.83, 5457.1±1.92, 6063.5±1.38 and 5701.5±1.60 mg AA/100 g FW, respectively. Methanol extract that contained the highest amount of total phenolics, was found to be the most active radical scavenger followed by water and ethyl acetate extracts. However, the chloroform extract was not as effective as the other three extracts (Table 3) . These results showed that, DPPH˙radical scavenging ability of all solvent extracts was related to various amount of antioxidants. Tatiya et al. (2010) observed that the butanol extract showed high DPPH scavenging activity than other extracts (methanol, aqueous and petroleum ether) of C. adscendens and the IC 50 values were found in the range between 157.62 and 458.71 μg/ml. The aqueous methanol extract of C. edulis (charungli) showed a strong DPPH scavenging activity between 80 and 100 % (Ansari et al. 2005) . The DPPH˙radical scavenging activity of C. flava aqueous ethanol extracts exhibited the percentage activity of 31.5±1.0 at 50 μg/ml. Whereas, the aqueous ethanol extracts of C. quadrangula, lacks antioxidant activity in the DPPH assay. The preliminary phytochemical investigation of the aqueous ethanol extracts of C. quadrangula, the most abundant constituents are not phenolics but pregnane glycosides (Marwah et al. 2007 ). In general, the polyphenol concentrations are positively correlated with antioxidant activity due to their hydrogen donating abilities. These reports indicated that the radical scavenging capacity of extracts might be mostly affected by the presence and position of phenolic hydroxyl group. The radical scavenging activity of phenolic compounds depends on their molecular structure, that is, on the availability of phenolic hydrogens and on the possibility for stabilization of the resulting phenoxyl radicals formed by hydrogen donation (Jung et al. 2006 ).
Trolox equivalent antioxidant capacity (TEAC)
TEAC is a quantification of the effective antioxidant activity of the extract; a higher TEAC would imply greater antioxidant activity of the samples. Generation of ABTS˙+ radical cation (Re et al. 1999) forms the basis of one of the spectrophotometric methods that have been applied to the measurement of the total antioxidant activity of solutions of pure substances, aqueous mixtures and beverages widely used for the assessment of antioxidant activity of various substances. This method measures the relative antioxidant ability to scavenge the radical ABTS˙+ as compared with a standard amount of Trolox, and is an excellent tool for determining the antioxidant activity of hydrogen donating antioxidants and of chain breaking antioxidants (Egea et al. 2010) . In this study all the tested C. adscendens var. fimbriata extracts exhibited strong ABTS˙+ scavenging capacities, with a TEAC value range of 6550-8350 μmol TE/g sample dry weight (Table 3 ). The water extract showed the greatest TEAC value of 8350±1.71 μmol TE/g sample dry weight, followed by that of methanol (8150±0.89 μmol TE/g sample dry weight), ethyl acetate (7500±1.92 μmol TE/g sample dry weight) and chloroform (6550±2.46 μmol TE/g sample dry weight) extracts. The reason for the difference in the TEAC values can lie in the different extraction procedures of the plant. The higher TEAC value reported for the water extract of the plant can be due to the higher content of phenolic substances. Hagerman et al. (1998) have reported that the high molecular weight phenolics have more ability to quench free radicals (ABTS˙+) and their effectiveness depends on the molecular weight, the number of aromatic rings and nature of hydroxyl group's substitution than the specific functional groups.
Hydroxyl radical (OH˙) scavenging activity The OH˙radi-cal has the capacity to join nucleotides in DNA and cause strand breakage, which contributes to carcinogenesis, mutagenesis, and cytotoxicity. In addition, this species is considered to be one of the quick initiators of the lipid peroxidation process, abstracting hydrogen atoms from unsaturated fatty acids (Singh et al. 2007 ). The OH˙scavenging activity of the extracts of C. adscendens var. fimbriata by generating the hydroxyl radicals using ascorbic acid-iron EDTA was shown in Fig. 1a . Of all extracts studied, the methanol extract had the strongest OH˙scavenging activity with an IC 50 value of 66± 2.19 μg/ml. The ability of water extract to scavenge OH˙was observed to be 83±1.98 μg/ml. On the other hand, extracts prepared with chloroform and ethyl acetate exhibited moderate radical scavenging activity when compared with those of others given above (140±1.73 and 136±1.26 μg/ml, respectively). The concentration of the positive controls, ascorbic acid and BHA required to scavenge 50 % of the free radical (IC 50 ) was 64±0.35 and 72±0.41 μg/ml, respectively. The ability of the extracts to quench OH˙radicals was observed to be directly related to the prevention of propagation of the process of lipid peroxidation by scavenging the active oxygen species and thus reducing the rate of chain reaction (Shukla et al. 2009 ). In this respect, it can be concluded that the difference of antioxidant activity from each extract of C. adscendens var. fimbriata aerial parts might be related to their phenolic content. reacting with a ferric tripyridyltriazine (Fe 3+ -TPTZ) complex and producing a coloured ferrous tripyridyltriazine (Fe 2+ -TPTZ) (Benzie and Strain 1996) . Generally, the reducing properties are associated with the presence of compounds which exert their action by breaking the free radical chain by donating a hydrogen atom (Kubola and Siriamornpun 2008) . In our study, FRAP values of the different extracts of C. adscendens var. fimbriata aerial parts were shown in Table 3 . Water extract had the highest FRAP value of 5860±0.71 μmol FeSO 4 /g dry weight followed by methanol (4700±0.46 μmol FeSO 4 /g dry weight), ethyl acetate (4240 ± 0.62 μmol FeSO 4 /g dry weight), and chloroform (2912±0.41 μmol FeSO 4 /g dry weight) extracts. These results indicated that methanol extract had significantly stronger FRAP than other extracts. Due to different antioxidant potentials of different compounds, the antioxidant activity of Caralluma extracts is strongly dependent on the extraction solvent. Tatiya et al. (2010) found the reducing capacity of C. adscendens was increased in a dose dependent manner, with butanol extract showed the maximum absorbance (0.65-1.7 OD value at sample concentration between 250 and 2000 mg/ml) than other extracts such as methanol, aqueous and petroleum ether. The FRAP assay treats the antioxidants contained in the samples as reductants in a redox linked colorimetric reaction and the value reflects the reducing power of the antioxidants.
Nitric oxide (NO˙) radical scavenging activity The nitric oxide radical (NO˙), which is produced in vivo by variety of cell types, is an important bioregulatory molecule with a number of physiological functions. However, under oxidative stress this RNS reacts with other reactive species to produce more toxic RNS and ROS (Dastmalchi et al. 2008) . In the present study, different solvent extracts of the C. adscendens var. fimbriata aerial parts were checked for its inhibitory effect on nitric oxide production. Nitric oxide radical generated from sodium nitroprusside at physiological pH was found to be inhibited by the extracts. The NOṙ adical scavenging activities of the water, methanol and ethyl acetate extracts, showed to be equally potent in scavenging NO˙, by 48.6±0.34-55.6±0.39 %, respectively at a concentration of 150 μg/ml, while chloroform extract was considerably less effective NO˙scavenger (43.1±0.47 %) at the same concentration. As compared with the IC 50 values (Fig. 1b) , the nitric oxide scavenging activities of water (123±0.5 μg/ml), methanol (135±0.28 μg/ml) and ethyl acetate (158±0.46 μg/ml) extracts were more effective than chloroform (165±0.17 μg/ml) extract. The activities were lower than those obtained for ascorbic acid (90±0.33 μg/ml) but the IC 50 values of the methanol and water extracts were comparable with that of BHA (117±0.18). The NO˙gener-ated from sodium nitroprusside reacts with oxygen to form nitrite. The extract inhibits nitrite formation by competing with oxygen to react with nitric oxide directly and also to inhibit its synthesis. Scavengers of NO compete with oxygen leading to reduced production of nitric oxide (Sfahlan et al. 2009 ). The plant extracts may have the property to counteract the effect of NO formation and preventing the ill effects of excessive NO generation in the human body. Further, the scavenging activity may also help to arrest the chain of reactions initiated by excess generation of NO that are detrimental to human health (Kumaran and Karunakaran 2006) .
Total antioxidant activity (TAA) by phosphomolybdenum method Total antioxidant capacity of C. adscendens var. fimbriata was evaluated in this study by the phosphomolybdenum method based on the reduction of Mo (VI) to Mo (V) by the antioxidant compounds and the formation of a green Mo (V) complex at a low pH with a maximal absorbance at 695 nm. A high absorbance value indicates that the sample possesses high antioxidant activity (Prieto et al. 1999 ). In the study, extracts were found to have different levels of antioxidant activity in the systems tested (Table 3) . The methanol extract of aerial parts has the higher antioxidant capacity (1375±0.89 μM AA/g sample DW) than the other three extracts which showed antioxidant capacity in the order: water extract (1303±0.81 μM AA/g sample DW) > ethyl acetate extract (1072±0.43 μM AA/g sample DW) > chloroform extract (654±0.74 μM AA/g sample DW). In this assay, methanol and water extracts were found to be rather similar in their action, chloroform extract being the lowest in activity. The extracts demonstrated electron-donating capacity and thus they may act as radical chain terminators, transforming reactive free radical species into more stable non-reactive products (Dorman et al. 2003) . The total antioxidant capacity of plant extracts may be attributed to their chemical composition and phenolic content. However, TAA values were in good agreement with C. quadrangula (899±29.2 mg GAE/g of ethanol extract) and C. flava (335±0.5 mg GAE/g of ethanol extract) (Marwah et al. 2007 ).
Linear correlation coefficients between polyphenol contents and the different antioxidant activities Correlations were tested to link the antioxidative capacities measured by the different assays used with each other, as well as the polyphenolic contents of the extracts. Table 4 summarizes the linear correlation coefficients between all analyses carried out on the extracts. In the present study, total phenol content was shown to provide the highest association with TAA assay (r 2 00.990). Similar results were also found for DPPH (r 2 00.952) and TEAC (r 2 00.927), FRAP (r 2 00.708), hydroxyl (r 2 00.814) and nitric oxide (r 2 00.730) scavenging activities confirm that phenols are mainly responsible for the antioxidant activity of extracts. These results indicated that the radical scavenging capacity of each extract might be mostly related to their concentration of phenolic hydroxyl group. Phenolic compounds are attracting considerable interest in the field of food chemistry and medicine due to their promising antioxidant potential (Sultana et al. 2007 ).
The good correlations between total phenol content and total flavonoid content (r 2 00.836) was reported in our study. This indicates that the flavonoids are the major phenolic compounds present in the C. adscendens var. fimbriata aerial parts. Correlation coefficient between total flavonoid content with antioxidant assays (r 2 00.756-0.999) studied in this study were found to be very strong. Whereas moderate correlation was found between total flavonoid content and reducing capacity, measured by the FRAP method (r 2 0 0.560, Table 4 ) was might be attributed to the fact that most of the flavonoids are in their glycoside form, which are less effective as compared to their respective aglycone forms (Shahidi 1997) . Several studies have reported a good correlation between the phenolic compounds of plant extracts and antioxidant activity (Santas et al. 2008; Kubola and Siriamornpun 2008) .
Data from this study indicated that DPPH scavenging activity had a good correlation with TAA (r 2 00.902), TEAC (r 2 00.785), hydroxyl (r 2 00.859) and nitric oxide (r 2 0 0.615) radical scavenging activities. However, moderate correlation was found with FRAP method (r 2 00.509). Amongst the methods used for quantifying antioxidant activities, the correlation between TEACs and other assays such as TAA, FRAP, hydroxyl and nitric oxide activities was r 2 00.960, r 2 00.913, r 2 00.734 and r 2 00.864, respectively. Upon comparing the antioxidant capacity results obtained with the other methods we find good correlations values. Although, a moderate correlation (r 2 00.542) was observed between FRAP and HRSA.
In conclusion, the antioxidant activities of extracts from C. adscendens var. fimbriata aerial parts were evaluated in this study with different in vitro testing systems. The extracts of aerial parts are capable of scavenging a wide range of synthetic and naturally occurring free radicals. Methanol and water proved to be the most efficient solvent for extraction of antioxidants from aerial parts as the related extract contained the highest amount of phenolic compounds exhibited the strongest antioxidant capacity in all the assays tested. The antioxidant activity was correlated well with the amount of total phenolics present in the 
